Major histocompatibility complex (MHC) class I and II molecules are loaded with peptides in distinct subcellular compartments. The transporter associated with antigen processing (TAP) is responsible for delivering peptides derived from cytosolic proteins to the endoplasmic reticulum, where they bind to class I molecules, while the invariant chain (Ii) directs class II molecules to endosomal compartments, where they bind peptides originating mostly from exogenous sources. Mice carrying null mutations of the TAPI or Ii genes (TAP1? or Eil, respectively) have been useful tools for elucidating the two MHC/peptide loading pathways. Class II-peptide complexes are then transported to the cell surface via an as yet poorly defined route.
Class II-peptide complexes are then transported to the cell surface via an as yet poorly defined route.
Evidence is accumulating, however, that this scenario is too neat. Sometimes, class I molecules are capable of presenting exogenously supplied antigens (4-7), and class II molecules can occasionally present endogenous antigens (8-10), although the extent to which such presentation relies on loading of class II molecules in the ER has not been accurately established. Similarly, TAP-independent presentation of exogenous material by class I molecules has been observed, but the extent to which this represents processing akin to that seen for class II molecules remains to be established. It is not known what is responsible for such breakdown in the dichotomy, but some intriguing observations have been made. On the one hand, some protein epitopes are actually presented better in the absence of Ii, provoking speculation that they might be bound to class II molecules in the ER (11) . On the other hand, Cerundolo et al. (12) and Sugita and Brenner (13) have detected complexes of class I molecules and Ii. These complexes are, in one case, diverted from the secretory pathway and appear in the endosomes (13) .
Here, we approach the problem by exploiting mice carrying null mutations in the TAPI or Ii genes (TAP1? or 01, respectively). In the former, class I complexes are largely held up in the ER, although a few unstable complexes, probably devoid of peptide, appear at the cell surface; consequently, CD8+ T cells are poorly selected in the thymus, and there is only a paltry peripheral population (14) . In the latter, class II aq3 chains are retained in the ER, but, again, some unstable complexes make it to the cell surface, in this case 10-30% the usual numbers; the CD4+ T cell compartments are reduced in the thymus and periphery, but only by severalfold (15) (16) (17) . We have now mated li? and TAP?I mice to produce litters of single and double mutants. To explore any functional intersection of the class I and II loading pathways, we compared the biosynthesis of MHC molecules and the generation of T cells in the different littermates.
MATERIALS AND METHODS
Mice. Mice deficient in Ii have been described (15) . The TAPIO mice used in this study were generated independently from those previously reported (14 class II complexes on the surface of Ii"TAP1 cells is similar to that on the surface of li? cells-i.e., reduced by a factor of -6 vis-a-vis wild-type and TAP10 cells.
In conclusion, the formation of class II complexes and their display at the surface are indistinguishable in Ii') and Ii11TAP1P splenocytes. Therefore, peptides delivered to the ER by TAP do not measurably contribute to expression of class II molecules in mice lacking Ii.
Assembly, Intracellular Transport, and Cell Surface Expression of MHC Class I Molecules. In human cells, Ii can bind to MHC class I molecules, and these complexes are dissociated by inclusion of appropriate class I-binding peptides (12) . Class I-li complexes can be transported along the endocytic route (13), but it is not clear whether they eventually reach the cell surface or are simply degraded in the endosomes. To evaluate the influence of Ii on formation and display of class I molecules in murine cells, we performed metabolic labeling and cytofluorimetry on the set of Ii PTAP1 mutants. We considered the comparison of TAPP( and Ii(TAP1() cells to be potentially the most revealing because any effect of Ii on class I expression might be exaggerated due to the reduced quantity of class I complexes in TAP1P1 mice (14) .
A pulse-chase analysis was performed by using a mixture of two mAbs that recognize properly folded Db and Kb molecules ( T-Cell Selection. Any differences in loading or display of MHC class I and II molecules in the single versus double mutants could well be reflected in changes in the T-cell repertoire. Therefore, we prepared thymocytes from the four types of littermate, stained them with reagents specific for CD4, CD8, and CD3, and analyzed them by cytofluorimetry. Typical dot plots are shown in Fig. 3 . Ii'( and Ii(TAP10 mice have similarly reduced numbers of CD4+ CD8-cells, while TAP1" and Ii(ITAP10 animals have a similar deficiency in the CD4-CD8+ population. This conclusion is valid both for total thymocytes (Fig. 3A) and for cells expressing high levels of CD3 and thus presumably mature (Fig. 3B) . Given the disparity between the results with thymic cells and lymph node cells, we considered it likely that the compensation in double mutants is due to peripheral expansion rather than increased thymic selection. This idea is supported by the fact that a high proportion of peripheral CD4+ and CD8+ cells in li(TAPIt) mice express the late activation marker CD44 (Fig.  5A ) and incorporate BrdUrd, indicative of ongoing division (Fig. 5B) Given the above results on MHC biosynthesis, it was expected that selection of thymocytes in the double mutant would reflect the deficiencies of the single mutants. What was more unexpected were the expansions of the CD4+ and CD8+ peripheral populations in Ii?TAP1? mice, such that they almost resembled wild-type animals. That there is homeostatic control of these compartments has been observed before, perhaps most graphically in recently generated knockout lines. Mice lacking MHC class 11 (27) , CD4 (37), or Ii (15, 16) molecules all have reduced numbers of CD4+ T cells and compensatorily increased numbers of CD8+ cells; animals devoid of 12- microglobulin (38, 39), CD8a (40), CD8f3 (41, 42), or TAPI  (14) show the inverse. Interestingly, mice with double MHC deficiencies (43) have reduced numbers of both CD4+ and CD8+ populations, quite in contrast to our present results using the Ii?TAP1? mice. Corresponding data on double coreceptor deficiencies are scant, but it was claimed that at least some animals have as much as 50% the normal numbers of CD3+ lymph node cells (44) . Taken together, these findings suggest that peripheral expansion is driven by T-cell interaction with MHC molecules (at least partially coreceptor independent) rather than as part of an "innate" program which dictates a specified number of divisions.
It will certainly be of interest to examine the functional potential of the peripheral T cells in the double mutants. There will probably be similarities with li? mice in the CD4+ and with TAP1? animals in the CD8+ compartment, as already suggested from the analysis of VP usage. Thus, one might expect the CD4+ cells to include specificities for only a subset of class 11-restricted peptides (45), as well as for a substantial CD1-restricted fraction (28) . The CD8+ cells should include a significant allo-or self-reactive component (46) . However, the functional capabilities of the T cells in Ii?TAP1? mice might also reflect distortions introduced by the peripheral amplification process and thereby give clues to its mechanisms.
